1999)
, and loss of a single DNA Ligase4 allele sensitizes p53 Ϫ/Ϫ lymphomas harbor an increased frequency of ink4a/arf Ϫ/Ϫ mice to sarcomas ). clonal nonreciprocal translocations and amplificaThese results highlight the fact that physiologically gentions. These include complex rearrangements that juxerated DSBs are potent substrates for chromosomal tapose the c-myc oncogene to antigen receptor loci. translocations and gene amplifications, which have the Restoration of the H2AX null allele with wild-type H2AX potential to drive tumorigenesis when apoptosis is cirrestores genomic stability and radiation resistance, cumvented. Hence, the immediate recognition and apbut this effect is abolished by substitution of the conpropriate resolution of DSBs is critical for maintaining served serine phosphorylation sites in H2AX with alagenomic stability. nine or glutamic acid residues. Our results establish Toward this end, thousands of histone H2AX mole-H2AX as genomic caretaker that requires the function cules in the vicinity of the break are phosphorylated on of both gene alleles for optimal protection against tuserine residues (S136 and S139 in the mouse) located morigenesis.
within 45 Mb in size occurring roughly between nucleotide not shown). However, one of the H2AX Ϫ/Ϫ p53 Ϫ/Ϫ thymic lymphomas (2280) harbored clonal rearrangements inposition 62,000,000 (band D2) and 107,000,000 (band F2 containing the IgH locus). In tumor 3092, the region volving chromosome 14 in the vicinity of the TCR␣ locus (Table 1) . Moreover, on the T(15;14) chromosome, the of chromosome 12 gained (‫52ف‬Mb) was between 82,000,000 (band E) and 107,000,000 (band F2 (Figure 5E ). This is in contrast to the complete rescue of Similarly, the average number of chromosomal aberrations in primary fibroblast cultures from H2AX Figure 6A ). To identify the functional domains of H2AX required for maintaining genomic stability, we simultaneously muFurthermore, both S136/S139A and S136/139E mutant lines were still sensitive to ␥-irradiation ( Figure 6B) , and tated the SQ motifs (S136/S139) in the C terminus to either alanine (S136/139A) to eliminate phosphorylation failed to form IRIF ( Figure 6C) (Celeste et al., 2003) . Thus, the placement of negatively charged residues in the or to glutamic acid (S136/139E) to mimic constitutive phosphorylation (Downs et al., 2000) . Immortalized COOH-terminal tail does not mimic constitutive phosphorylation. Rather, radiation resistance, foci formation, H2AX
their unique C-terminal tail (reviewed in Redon et al., 2002). H2AX phosphorylation (termed ␥-H2AX) is
Ϫ/Ϫ MEFs were reconstituted with either wildtype, S136/S139A, or S136/139E H2AX constructs (Ceand genomic integrity require the specific transfer of phosphate groups to serine 136/139 in H2AX. 11q22-q23 is detected at a particularly high frequency in B cell chronic lymphocytic leukemia (B-CLL), mantle
